Introduction
In the past century, the disease profile changed significantly worldwide. Atherosclerotic cardiovascular disease (ASCVD) accounted for 1/10 of causes of death in early 1900s, but it has been the leading cause of death worldwide so far, accounting for one-third of causes of death. The prevalence of ASCVD increases with age. In addition, its prevalence further elevates in late life with the reduced mortality related to infection and malnutrition. Thus, ASCVD is affecting the decision making of world public health policy. Ischemic stroke is one of the most important clinical types of ASCVD and has a high recurrence rate. The ischemic stroke-related neurological impairment and subsequent emotional dysfunction and social dysfunction bring a great burden to the society and the families of these patients. Currently, controlling the serum lipid 1 To date, statins (3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitor) have been widely used in the lipidlowering therapy. On the basis of findings from randomized controlled trials (RCTs), statins have been a major strategy in reducing the risk for ASCVD. 2 Several clinical trials have shown that statins can significantly reduce serum LDL-C and effectively decrease the risk for stroke. 3 Statins can reduce the incidence of major cardiovascular events, and thus, they have been recommended for the secondary prevention of ischemic stroke. 1, 4, 5 In addition, there is evidence showing that high-dose statins are better to reduce the risk for stroke compared to standard-dose statins. 6 However, there is still controversy on the clinical effects of different statins on the outcomes of ASCVD. A study indirectly compared influence of atorvastatin, pravastatin and simvastatin on the cerebrovascular events (CVEs), but it was a placebocontrol study with a small sample size and there were active comparator trials in this study. 7 The network meta-analysis was conducted to evaluate the RCT that investigated the effects of primary and secondary prevention with atorvastatin, fluvastatin, lovastatin, pitavastatin, pravastatin, rosuvastatin or simvastatin in CVD patients, but it excluded head-head evaluation of different statins. Although another network meta-analysis used head-head evaluation, but pitavastatin was not investigated. 8 Moreover, the incidence of cerebrovascular diseases was not a primary outcome in previous head-head network meta-analysis. [9] [10] [11] [12] Different statins have distinct pharmacological characteristics. As the number of patients in need for statin therapy continues to increase, information regarding the relative efficacy of statins is needed for better decision making. Meta-analysis with a large amount of updated data may provide true and strict clinical evaluation and accurately assess the therapeutic efficacy. This meta-analysis aimed to systemically evaluate the efficacy of statins in clinical studies that were conducted between statins-treated patients and routine controls or placebo controls and different statintreated patients. In addition, the role of different statins in the secondary prevention of major CVEs was evaluated in patients with cardiovascular diseases.
Methods and analyses

Systematic review methods
We searched PubMed, Embase, Cochrane Database of Systematic Reviews and Cochrane Central Register of Controlled Trials to identify studies published between January 1, 2011, and June 30, 2016. We identified the studies prior to January 2011 from the bibliography of previously published systematic literature reviews and meta-analyses. We used the search terms "lovastatin", "atorvastatin", "fluvastatin", "simvastatin", "pitavastatin", "pravastatin", "rosuvastatin", "cardiovascular disease" and "HMG-CoA reductase inhibitors/therapeutic use". Two reviewers (PZ and DW) independently performed abstract, title and full-text screening and entered data into a data extraction form. A third reviewer (YW) approved the study selection.
The inclusion criteria were as follows: 1) open and double-blind RCTs were included; 2) head-head studies or those with placebo, diet or routine therapy as a control were included; 3) patients had cardiovascular diseases; 4) the number of patients was .60; 5) atorvastatin, fluvastatin, lovastatin, pitavastatin, pravastatin, rosuvastatin or simvastatin was used for .4 weeks and 6) the primary outcomes were major CVEs, and the secondary outcomes were all-cause death, fatal stroke and nonfatal stroke. The major CVEs in this study included fatal stroke, nonfatal stroke and TIA; the nonfatal stroke did not include TIA. In addition, clinical studies in which there were patients with renal dysfunction were excluded. The study characteristics, including methods, participants, interventions and outcomes, were extracted from each study (Supplementary material).
Statistical analysis
To summarize all available evidence, we conducted both direct and network meta-analyses. First, we did traditional pairwise meta-analysis for direct comparisons between two treatment arms by Review Manager 5.1. In the conventional direct meta-analysis, two or more studies that compared two interventions of interest were statistically combined. We calculated the pooled risk ratio (RR) with a 95% CI. Heterogeneity was assessed using the Cochran's Q and I 2 statistics. For the Q statistic, a P-value .0.10 and for the χ 2 test and for the I 2 statistic, an I 2 value ,25% were interpreted as low-level heterogeneity. A pooled effect was calculated with a fixed-effect model when there was no statistically significant heterogeneity; otherwise, a randomeffect model was used.
A network meta-analysis was conducted using a Bayesian Markov Chain Monte Carlo method and fitted in R package. Analytical results are presented as RR with 95% credible intervals (CrIs). The RR was estimated using the median of the posterior distribution, and 95% CrIs were obtained based on the 2.5th and 97.5th percentiles of the Drug Design, Development and Therapy 2017:11 submit your manuscript | www.dovepress.com
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Secondary prevention of major cerebrovascular events posterior distribution, which can be interpreted in the same way as conventional 95% CIs. Rankings for the treatment efficacy of the interventions were originally derived from Monte Carlo simulations and presented as the probability of possessing a specific ranking; the probabilities of different rankings of the same treatment were summed to 100%. Pooled results were considered as statistically significant for P,0.05 or if the 95% CI (CrI) did not contain the value 1. In this study, the patient samples from different statins were weighted in both pairwise meta-analysis and network meta-analysis.
Results
General data
A total of 20,770 studies potentially related to the topic were identified, of which 607 studies were included for final analysis and 20,163 unrelated studies that did not meet the inclusion criteria were excluded ( Figure 1 ). In addition, 42 clinical trials published between 1994 and 2016 were included for network meta-analysis. The general information of these studies is presented in Table 1 . In the studies included for network meta-analysis, 82,601 subjects received treatment with one of seven statins and 24.1% subjects were female. Of these studies, treatment with one statin was compared with control (placebo treatment, routine treatment or diet treatment) in 32 studies. Of these 32 studies, pravastatin was evaluated in 13 studies, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] atorvastatin in seven, [26] [27] [28] [29] [30] [31] [32] lovastatin in three, [33] [34] [35] simvastatin in three, [36] [37] [38] fluvastatin in three, [39] [40] [41] rosuvastatin in two 42, 43 and pitavastatin in one. 44 In 10 studies, the treatment with one statin was compared with therapy of another statin. [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] In these 10 studies, a statin was used at two doses in one study, 54 the head-head study of atorvastatin and pravastatin was found in four studies, 45, 46, 48, 51 head-head study of atorvastatin and rosuvastatin was found in three studies 49, 50, 54 (rosuvastatin at two doses was used in one study), head-head study of atorvastatin and simvastatin was found in two studies 52, 53 and head-head study of rosuvastatin and simvastatin was found in one study. 47 The follow-up period ranged from 143 weeks to 317 weeks. In five studies, the follow-up period was ,24 weeks. Figure 2 shows the meta-analysis of seven statins in the prevention of major CVEs. In the secondary prevention of cardiovascular diseases, results showed that pravastatin and atorvastatin could reduce the incidence of major CVEs by 13% and 41%, respectively, compared with the control group, but there was no significant difference between other statins and control (Table 2 ). In 10 headhead studies, [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] the influence of statins on the major CVEs was reported in seven studies, 45, [47] [48] [49] [50] [51] [52] in which there were 9,565 patients and a total of 69 major CVEs. Paired comparison in network meta-analysis showed a significant difference only between atorvastatin and rosuvastatin (RR 1.7,1.10-2.50).
Comparative benefits of statins on all-cause mortality: findings of the multiple-treatment meta-analyses
The all-cause death was investigated in 40 studies, [13] [14] [15] [16] [17] [18] [19] [20] [51] [52] [53] [54] in which there were 76,483 patients and 7,328 deaths. Of included studies, statin treatment was compared with control treatment in 31 studies, in which there were 6,391 deaths occurring in 57,354 patients; comparison between two statin treatments was found in 10 studies, 42, [45] [46] [47] [48] [49] [51] [52] [53] [54] in which there were 937 deaths occurring in 19,133 patients. Direct meta-analysis showed that the mortality of any cause in statin-treated patients was reduced by 12% compared to the control group (RR 0.88, 0.81-0.96), and a significant nonfatal stroke was reported as an outcome, and it was found in 1,529 patients among 49,710 patients included in these studies. Direct meta-analysis showed no significant difference between statin treatment and control treatment as well as between two statin treatments. Table 4 summarizes the results of network meta-analysis of fatal stroke and nonfatal stroke. Our results showed that significant difference was observed in the nonfatal stroke only between atorvastatin and simvastatin (RR 1.9, 1.1-3.7). 
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Zhong et al allocation concealment, which may compromise the overall validity. Of note, the studies on different statins had similarities on the study design and implementation, and the lack of information about the quality assessment might be ascribed to the manuscript drafting but not to the actual defect in study design as shown in other systemic reviews. 67 In our study, new network meta-analysis was used, and placebo-controlled and active comparator trials were merged to investigate the head-head studies of statins. Our study was different from previous network analysis: 1) not only placebo-controlled trials but also active comparator trials were included for analysis; 2) our study was an update of previous studies, and studies investigating seven commercially available statins (cerivastatin is not commercially available due to adverse effects) were included for analysis, which was not found in previous meta-analysis of stroke and 3) in this study, the major CVEs served as the main outcomes, but cardiovascular events were used as main outcomes in previous meta-analyses.
There were limitations in this study. First, this was a meta-analysis based on previous studies, and the number of studies included was limited. Only a few prospective, headhead clinical trials with clinical outcome were identified in the available studies. Second, the meta-analysis based on the data from published studies was limited by the quality of these studies. For example, the included studies that reported major CVEs might not report the fatal stroke. Third, there was a difference in the results of direct and indirect analyses, but direct comparison would make the results be more likely to be true. This difference might be related to the small sample size and the conservative nature of the Bayesian hierarchical random-effects model.
Conclusion
Different statins have distinct pharmacological characteristics and there are differences of statistical and clinical outcome among several statins.
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Discussion
This meta-analysis was based on 42 studies in which a total of 82,601 subjects randomly received treatment with seven different statins. Statistical and clinical differences were found in several statins. Our results showed that, in the secondary prevention of cardiovascular diseases, the mortality of any cause was reduced by 12% after statin treatment compared to the control treatment; the incidence of major CVEs was reduced by 13% and 41% after treatment with pravastatin and atorvastatin, respectively, compared with the control treatment. Indirect comparison with network meta-analysis showed that rosuvastatin was better than atorvastatin in the prevention of major CVEs and fluvastatin was better than lovastatin in the prevention of nonfatal stroke when statins were used in the secondary prevention of cardiovascular diseases.
Statins have pleiotropic effects, including the lipidlowering, vasodilation, anti-thrombotic, anti-inflammatory and anti-oxidative effects. [55] [56] [57] [58] [59] [60] [61] [62] Animal experiments and clinical studies have shown that statins may exert neuroprotective effects after acute cerebral infarction. [63] [64] [65] Our results further confirmed and expanded previous results from meta-analysis. Clinical guideline recommends the use of statins in the secondary prevention of noncardiac stroke. 66 To reduce LDL-C has been one of important strategies in the clinical prevention of cardiovascular events, and undoubtedly statins, are the most effective drugs used to reduce LDL-C. Statins may competitively inhibit hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase, which is a rate-limiting enzyme in the endogenous cholesterol synthesis, and then block the metabolism of intracellular hydroxymaleic acid and reduce the endogenous production of cholesterol, exerting lipid-lowering effect. Although different statins have the identical mechanism in their lipid-lowering effect, the difference in the chemical structure among these statins makes their physical characteristics and internal pharmacokinetics different. SPARCL was the only one study that investigated the influence of statins used for secondary prevention on the TIA and stroke, 26 but we could not expand their results to the use of other statins. In this study, meta-analysis was conducted in the population with cardiovascular diseases who were medicated with statins for the secondary prevention, and results showed difference among several statins. Probably, the actual difference among other statins might not be identified by this meta-analysis.
In this study, the majority of clinical trials included did not fully report the information about the randomization and Drug Design, Development and Therapy
Publish your work in this journal
Submit your manuscript here: http://www.dovepress.com/drug-design-development-and-therapy-journal Drug Design, Development and Therapy is an international, peerreviewed open-access journal that spans the spectrum of drug design and development through to clinical applications. Clinical outcomes, patient safety, and programs for the development and effective, safe, and sustained use of medicines are the features of the journal, which has also been accepted for indexing on PubMed Central. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors. 
